Thirty-one patients with aneurysms of the anterior communicating artery that flled from both sides during carotid arteriography were treated by a combined operative procedure consisting of clip-ligation of one proximal anterior cerebral artery followed by gradual occlusion of the opposite common carotid artery with a Crutchfield clamp. In 14 patients, intravascular pressure recordings in the carotid vessels in the neck were obtained both before and immediately after ligation of the anterior cerebral artery. Before ligation the average intravascular pressure reduction was 55%, while after ligation the average reduction was 71%. Of the 31 patients, 22 have had good results and no recurrent hemorrhage. Nine patients died, four from recurrent hemorrhage. F011ow-up carotid arteriography in nine patients showed the aneurysm obliterated in six, smaller in one, and unchanged in two. The results of this study indicate that treatment of certain anterior communicating aneurysms by the combined operative approach described is useful.
Thirty-one patients with aneurysms of the anterior communicating artery that flled from both sides during carotid arteriography were treated by a combined operative procedure consisting of clip-ligation of one proximal anterior cerebral artery followed by gradual occlusion of the opposite common carotid artery with a Crutchfield clamp. In 14 patients, intravascular pressure recordings in the carotid vessels in the neck were obtained both before and immediately after ligation of the anterior cerebral artery. Before ligation the average intravascular pressure reduction was 55%, while after ligation the average reduction was 71%. Of the 31 patients, 22 have had good results and no recurrent hemorrhage. Nine patients died, four from recurrent hemorrhage. F011ow-up carotid arteriography in nine patients showed the aneurysm obliterated in six, smaller in one, and unchanged in two. The results of this study indicate that treatment of certain anterior communicating aneurysms by the combined operative approach described is useful. N 'UMEROUS authors 9,a2,14 have commented on the frequency with which congenital intracranial aneurysms are associated with developmental anomalies of the circle of Willis. One of the more common structural anomalies is hypoplasia of the proximal portion of one anterior cerebral artery, which Wilson, et al., 14 found in 34 of 40 patients (85%) with aneurysms of the anterior communicating artery. The degree of hypoplasia varies and, when pronounced, provides the anatomical basis for that circulatory pattern termed "unilateral anterior intracranial circulation," or more simply, "unilateral circulation," in which the blood supply to both frontal lobes is derived from a single internal carotid artery. 4
When unilateral circulation is associated with an anterior communicating aneurysm, carotid arteriography demonstrates that the aneurysm and both anterior cerebral arteries fill from one side only, even when the procedure is performed during contralateral carotid compression. In cases of this type, we believe that gradual ligation of the common carotid artery that fills the aneurysm provides definitive treatment for the lesion. In 40 of our patients, carotid ligation definitely reduced the incidence of recurrent hemorrhage. 8 Because of these gratifying results with carotid ligation in the treatment of anterior communicating aneurysms associated with a unilateral circulation, an operative procedure was designed that could be used G. T. Tindall, J. Kapp, G. L. Odom and S. C. Robinson in patients with anterior communicating aneurysms associated with a normal intracranial circulation. As shown in Fig. 1 , the anterior intracranial circulation can be "converted" into a unilateral circulatory pattern by ligation of the first portion of the anterior cerebral artery that normally fills the aneurysm. The opposite common carotid artery can then be gradually occluded with a Crutchfield clamp as definitive treatment for the aneurysm.
Over the past 6 years, we have used this combined procedure on 31 patients with aneurysms of the anterior communicating artery. This report gives the results of this surgical treatment and presents related physiological data.
Case Material
There were 24 men and seven women in this series, with a mean age of 44 and 46 years respectively. Each patient had had one or more subarachnoid hemorrhages. As shown in Table 1 , the number of days between the last subarachnoid hemorrhage and surgery ranged from 1 day to 2 months, with an average of 13.4 days. The patients were graded according to the Botterell classification: 2 15 were classified as grade 1, nine as grade 2, and seven as grade 3 (Table 1 ). In each of these patients, carotid arteriography performed during contralateral carotid compression demonstrated that the anterior communicating aneurysm could be filled with contrast medium from both sides (Fig. 2) .
Method of Treatment

Surgical Procedure
To obtain intracarotid pressure studies immediately before and after ligation of the anterior cerebral artery, the surgical procedures in the initial cases of this series consisted of: 1 ) neck dissection and pressure determinations in the carotid vessels, 2) craniotomy on the opposite side in order to clipligate the proximal anterior cerebral artery, and 3) repeat pressure measurements in the carotid vessels and application of a Crutchfield clamp to the common carotid artery. The complex surgical preparation, draping, and extended operating time, however, encouraged us to modify this approach. We now start with a frontal craniotomy and ligation of the anterior cerebral artery that normally fills the aneurysm. After closure of the craniotomy wound and application of a sterile dressing, a contralateral neck dissection is done to measure intracarotid pressure and apply a Crutchfield clamp to the surgically exposed common carotid artery. In every case, the clamp is left in a fully open position at the time of surgery.
FIG. 1. Diagram illustrating method of treating
anterior communicating aneurysms that fill from both sides. A craniotomy is performed in order to ligate one of the anterior cerebral arteries. Afterward, a Crutchfield clamp is applied to the opposite common carotid artery and gradually closed over a period of several days.
Clamp Closure
Closure of the Crutchfield clamp is not begun until 3 to 5 days after operation. Unless contraindicated by the patient's condition, the clamp is closed incrementally (approximately one-half turn per day) until the artery is occluded. Delay in starting the clamp closure allows the patient to recover from the immediate effects of the craniotomy, particularly if there is cerebral edema.
An average of 14 days was required for clamp closure. Measurement of retinal artery pressure by ophthalmodynamometry was carried out in each patient as a guide to the rate of clamp closure. 
Physiological Studies
Intracarotid pressure measurements were obtained in each patient at the time of neck dissection for application of the clamp. In a total of 14 patients, control and occluded intracarotid pressures were measured immediately before and after intracranial ligation of a proximal anterior cerebral artery. These data are shown in Table 2 and Fig. 3 . Proximal common carotid artery occlusion before ligation of the anterior cerebral artery caused the mean intracarotid pressure of 94 mm Hg to fall to a mean value of 42.6 mm Hg, a reduction of 55%. Immediately after intracranial ligation of the anterior cerebral artery, the mean intracarotid pressure of 94.6 mm Hg fell to 27.2 mm Hg, a reduction of 71%. Thus, a considerably greater reduction in intracarotid pressure occurred whenever the anterior portion of the circle of Willis was occluded by ligating a proximal anterior cerebral artery.
In one patient, flow measurements were obtained during contralateral carotid compression both before and after ligation of an anterior cerebral artery. As shown in Fig. 4, G. T. Tindall, J. Kapp, G Retinal artery pressure on the side of carotid ligation showed an average reduction of 42% at the time clamp occlusion was accomplished.
Results
O f 31 patients treated with the combined approach, 22 have had good results and nine have died. Twenty-one tolerated both the operative procedure and subsequent clamp closure well, while one could not tolerate complete clamp closure. None of the surviving 22 patients has experienced a recurrent hemorrhage.
Analysis of the nine deaths (29 % mortality) indicates that a higher mortality can be expected when operation is undertaken shortly after the subarachnoid hemorrhage (Table 1 ). In 10 patients the interval between the subarachnoid hemorrhage and surgery was from 1 to 7 days; the mortality in this group was 5 0 % . In 16 patients the interval ranged from 8 to 14 days; the mortality dropped to 19%. In five patients the interval was longer than 14 days; the mortality was 2 0 % . As expected, the preoperative level of consciousness had a bearing on the subsequent outcome. Of 24 patients who were classified at grades 1 and 2 (Botterell, et al.2) , only four or 16.7 % died after surgery, whereas of seven classified as grade 3, four or 5 6 % , died. A m o n g the nine fatal cases, the cause of death was recurrent hemorrhage in four, progressive deterioration (cerebral edema) as a result of the subarachnoid hemorrhage in two, infection in one, and cerebral ischemia as a result of clamp closure in two. Three of the four patients who died from re- the clamp could not be fully occluded on repeated trials; in another, the complication progressed to a fatality; and in a third patient, subsequent closure was accomplished without incident.
Follow-up cerebral arteriography was performed in nine patients at intervals ranging from 1 to 15 months following clamp closure. The aneurysm was not visualized in six patients, was smaller in one, and was unchanged in size in two. In addition, follow-up arteriography revealed that the most important source of collateral circulation in these patients was through the external carotid artery, which flows retrograde into the internal carotid artery on the s;de of the common carotid ligation.
In our initial cases, we were reluctant to ligate the right anterior cerebral and then carry out a gradual occlusion of the left common carotid artery. This reluctance was based on the belief that if an ischemic complication of carotid ligation should occur, it would be more disastrous on the left, or dominant, side of the brain. However, as three of four patients who rebled underwent ligation of the anterior cerebral artery, which normally did not fill the aneurysm, we now feel that in patients with a non-unilateral circulation, it is important that the anterior cerebral artery which normally fills the aneurysm should be the one ligated to prevent recurrent hemorrhage during closure of the clamp.
The importance of the anterior-cerebral and anterior-communicating arteries in the collateral circulation of the brain is well emphasized by the results of the intravascular pressure studies in 14 patients and flow study in one patient made before and immediately after proximal ligation of one anterior cerebral artery. A significantly greater pressure reduction in the carotid vessels was shown to occur whenever the anterior intracranial collateral system was interrupted by clip-ligation of one anterior cerebral artery. The lack of compensatory flow in the opposite carotid during occlusion of one common carotid in one case is in keeping with the earlier finding of Stern, la who showed that the absence of a compensatory rise in flow in one carotid artery in response to occlusion of the opposite carotid indicates a defective communication between both sides of the anterior half of the circle of Willis.
Proximal anterior cerebral ligation was used by Logue 6 in a series of 37 patients. His operative mortality was only 13.5% and, significantly, only one of 32 survivors experienced a recurrent hemorrhage over a followup period that averaged 22 months. Other investigators ',3,~ have also had satisfactory results following ligation of the proximal anterior cerebral artery as the only definitive treatment. In all the cases reported, ligation of the proximal feeding anterior cerebral has been performed in patients in whom the anterior communicating aneurysm could be filled from either side. Logue ~ and Speakman and Barlass ~1 have pointed out the potential danger of ligating the feeding anterior cerebral artery in a patient with a unilateral anterior intracranial circulation.
In the approach we have described, the initial operative procedure, identical to that described by Logue, 6 accomplishes the task of converting the anterior circulation into a unilateral pattern. It is our belief that the additional procedure of gradual ligation of the opposite common carotid artery provides further protection against future recurrent hemorrhage from the treated anterior communicating aneurysm. We feel that the resuits attained with the two-stage combined procedure are comparable to those reported in the cooperative study of subarachnoid hemorrhage and intracranial aneurysm. 1~ In our series, the mortality was 29%, while in the cooperative study report, 1~ 246 patients with anterior communicating aneurysms were treated by the direct intracranial approach, with an operative mortality of 35 %. It is noteworthy that none of the 22 survivors in our series has experienced a recurrent hemorrhage over a follow-up period ranging from 1 to 6 years.
Ligation of the proximal anterior cerebral that supplied the aneurysm was performed in only 11 of the 31 cases. In the remainder, the anterior cerebral artery that normally did not fill the aneurysm was occluded. Three of the four patients who experienced a fatal recurrent hemorrhage had clip-ligation of the anterior cerebral that normally did not fill the aneurysm. In each of these three cases, recurrent hemorrhage occurred in the early postoperative period.
The majority of deaths occurred in the early stage of the study. In the first 2 years, five of 10 patients died. Because of this high operative mortality, we modified the operative procedure as described above. During the 4 years since these modifications were instituted, only four of 21 patients undergoing surgery have died, an operative mortality of 19%.
Conclusions
Although we do not advocate our operation in all patients with anterior communicating aneurysms, we believe that this procedure may be especially useful in the treatment of large or broad-based aneurysms which, because of their configuration, are unsuitable for clip-ligation. The results of the present study indicate that the timing of operation in reference to the subarachnoid hemorrhage is important. Because five of 10 patients, or 50%, died when surgery was performed within 7 days of hemorrhage, and only three of 16 patients, or 19%, died when it was performed 8 to 14 days after hemorrhage, we believe that the surgeon should wait at least 1 week.
